INTRODUCTION
Hydrolysis-resistant analogues of guanine nucleotides, and particularly phosphorothioates [1] , have proven to be useful tools for probing the involvement of G proteins in signalling pathways. has been frequently used as a competitive inhibitor of GTP to prevent or terminate G protein activation [2, 3] . Unexpectedly, however, GDP,8 [S] was found to activate G proteins in Chinese hamster lung fibroblasts (CCL39 line), mimicking all the effects of GTPy[S] after a lag phase of 15-20 min [4] . It mediate inhibition of adenylate cyclase [5] , two of which, Gi2 and G13, are present in CCL39 cells [6] . On the other hand, PLC activation in CCL39 cells is believed to involve at least two G proteins, a pertussis toxin-sensitive G protein, which may be one of the Gi proteins, and a pertussis toxin-insensitive one. This conclusion is based on the observations that treatment of cells with pertussis toxin markedly reduces the activation of PLC by thrombin [7] , AIF4- [8] and GTPy[S] [4] , whereas carbacholinduced activation of PLC in CCL39 cells expressing M1 muscarinic acetylcholine receptors is completely insensitive to the toxin [9] . In order to permit free passage of GTP analogues through the plasma membrane, and also to deplete the endogeneous pool of guanine nucleotides, CCL39 cells have been permeabilized by treatment with a-toxin from Staphylococcus aureus. This toxin assembles into a ring-structured hexamer at the membrane surface, generating a transmembrane pore with a diameter of 2-3 nm [10] , a size which allows passage of small molecules but not of proteins [1 1,12] . When cells were pretreated with pertussis toxin, the toxin (100 ng/ml) was added [5] [6] h before the start of the experiment.
Cell permeabilization
S. aureus a-toxin was purified by ammonium sulphate precipitation at 80 % saturation and stored as a suspension in an 80 %-satd. ammonium sulphate solution at 4°C [15] . The haemolytic activity of a-toxin was measured by monitoring the lysis of rabbit erythrocytes [16] , and the amount of toxin required to permeabilize CCL39 cells was determined empirically for each batch of toxin by measuring the release of [3H]adenine nucleotides (see the Results section). Optimal permeabilization was usually achieved by incubation at 37°C for 45-60 min with 75-125 haemolytic units ofa-toxin/ml in a Hepes-buffered saline solution containing 110 mM-KCl, 20 mM-NaCl, 5 mM-MgCl2, 0.4 mmCaCl2, 0.5 mM-EGTA (0.5 /uM free Ca2+) and 20 mM-Hepes/Tris, pH 7.3 (buffer A).
-o --a 0 The combined extract and wash was neutralized with KOH and separated by anion-exchange chromatography as described [4] .
RESULTS

Permeabilization of CCL39 cells
The permeabilization of CCL39 cells to nucleotides was monitored by measuring the release of radioactive adenine nucleotides. Cells were preincubated with [3H]adenine in order to label the adenine nucleotide pool. Subsequently, following a wash to remove extracellular [3H]adenine, the cells were incubated with increasing a-toxin concentrations and the acid-soluble radioactivity remaining in cells was determined after various incubation times. As shown in Fig. 2 , the rate of nucleotide (Fig. 4b) , whereas it only attenuated the (SP)-GTPp[S]-dependent inhibition (Fig. 4a) . It should be noted, however, that the magnitude of the pertussis toxin effects was dependent on the concentration of (Sp)-GTP,f[S].
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Whereas the inhibition of cyclic AMP production was attenuated by only 25 % after the toxin pretreatment at 0.3 mM-(Sp)-GTP, [S] ( Fig. 4) production, even at concentrations as high as 1 mM (Fig. 5a) isomers on cyclic AMP production were next examined in cells pretreated with pertussis toxin, in order to suppress or at least attenuate the activation of G1, and in the presence of the cyclase stimulatory factor PGE1, in order to facilitate nucleotide exchange. As shown in Fig. 5(b) , the activation of G. by GTP, [S] isomers could be revealed under these conditions. PGE1 alone caused a small increase in cyclic AMP production, presumably due to the residual endogeneous GTP, but this stimulation was markedly potentiated by addition of (Rp)- or the presence of 0.5 mM-EGTA), and this activation was only doubled by increasing the free Ca2+ concentration from 10-9 to 10-6 M, with a half-maximal effect occurring at approx. 30 nM-Ca2 . In all experiments reported here, the effects of GTP analogues on PLC were therefore examined atO.5 /M free Ca2+. Moreover, 2 mM-ATP was routinely included in the incubation medium to optimize inositol phosphate production, since it was observed that inositol phosphate accumulation rapidly levelled off in the absence of added ATP, presumably due to a limiting polyphosphoinositide regeneration. It should be noted that CCL39 cells apparently do not possess purinergic receptors, because ATP (even in the millimolar range) fails to activate PLC in intact cells (results not shown). which may be relevant to the absence of saturation observed for thrombin-stimulated PLC in intact CCL39 cells [7, 20] . In accordance with the order of effectiveness of the three GTP analogues, GDP was found to compete more easily with (Sp)-GTPfl[S] than with the (Rp) isomer, while a large excess of GDP was necessary to displace GTPy [S] . As shown in Fig. 7(b) (Fig. 3) Ca2+ release in mast cells, and this effect was ascribed to G activation [13] , a hypothesis which is strongly supported by our present findings. The identity of GP proteins is still unclear. At least two distinct G proteins, one sensitive and one insensitive to pertussis toxin, are thought to mediate PLC activation in CCL39 cells [7] [8] [9] , but these proteins remain to be identified. It can only be postulated that the pertussis toxin-sensitive Gp might be one of the G, proteins, or G. [25] , while the toxin-insensitive Gp might belong to the Gq-type family [26, 27] . Since PLC activation is also partially inhibited by pertussis toxin in mast cells [28] [29, 30] , possibly due to subtle differences in the nucleotide-binding domain [31] . It is tempting to speculate that these differences might also change the stereospecificity of the interactions with the ,f-phosphate of GTP. To test this hypothesis, it would be of interest to directly assay the activation of Gq by GTP4 [S] isomers in a reconstituted system.
In any case, the results of this study strengthen the conclusions
